Purpose The purpose of the study is to report the clinical case of a 53-year-old woman whose presenting manifestation of primary intraocular lymphoma (PIOL) was unilateral retinal degeneration. Method A case report was created with review of clinical, imaging, electrophysiologic, and pathological investigations. Results A 53-year-old woman with a distant history of ocular herpes simplex developed progressive central visual loss and intermittent photopsia over 4 years in her right eye. Ophthalmic examination revealed reduced visual acuity OD, central scotoma, and minimal ocular findings. Autofluorescence and infrared imaging revealed mild reflectance changes in the temporal macula, and spectral-domain optical coherence tomography identified mild disruptions of inner segment/outer segment junctions in the subfoveal region of the right eye. A mild window defect was seen on fluorescein angiography. Electrophysiology with multifocal electroretinogram (ERG) revealed evidence of unilateral macular dysfunction. Full-field ERGs revealed progressive global retinal dysfunction over 6 months, with unilateral decreases in amplitude and implicit time shifts, as seen in cases of autoimmune retinopathies. The eye eventually exhibited mild vitreous cellular infiltration on ophthalmoscopic examination, and vitrectomy diagnosed B cell nonHodgkin's lymphoma. Further evaluation revealed no evidence of central nervous system or systemic disease, consistent with occult PIOL. Conclusions This case illustrates an atypical presentation of PIOL characterized by unilateral retinal disease presenting with symptoms and signs of macular dysfunction. Clinical and ERG features evolved into an acute zonal occult outer retinopathy (AZOOR)-like phenotype. PIOL should be considered
Introduction
Primary intraocular lymphoma (PIOL) is a rare subset of primary central nervous system lymphoma (PCNSL), which is a variant of non-Hodgkin lymphoma (NHL). In a 3-year period, about 100 new cases of PIOL were diagnosed in the United States [1] , and few published case reports describe the diagnostic dilemma this condition can cause. PIOL can arise in the optic nerve head, subretinal pigment epithelial space, vitreous, or retina [2] . Similar to PCNSL, the most common primary phenotype observed is B cell, with a small percentage of patients having a T cell lymphoma [3] .
Typical symptoms of ocular lymphoma include blurred vision, decreased visual acuity, photopsia, and floaters, but many cases have mild to no symptoms. Treatment typically involves systemic or focused ocular chemotherapy or radiotherapy. PIOL is reported to have a high risk of relapse in the ocular and central nervous system (CNS). A large, multicenter study found that 47 of 65, or 73 %, of PIOL patients relapsed in a median time of 19 months [3] .
We present an interesting case of a slowly progressive maculopathy that ultimately exhibited more widespread unilateral retinal dysfunction as seen in some cases of acute zonal occult outer retinopathy (AZOOR). Diagnostic vitrectomy confirmed the presence of lymphocytic infiltration consistent with NHL, and further testing revealed that the eye was the only involved site of disease in this patient.
Case report
The patient is a 53-year-old woman who complained of progressive central visual loss with intermittent photopsia in her right eye over the course of several years. Her medical history included migraine with visual aura since her teenage years and excision of multiple basal cell carcinomas. She had a distant history of an episode of periorbital herpes simplex possibly involving the cornea at the time, which resolved over 20 years ago. She worked as an environmental health and safety officer for a pharmaceutical company.
Over the past 4 years, the patient had undergone extensive investigation for unilateral visual loss. Neuro-ophthalmologic consultation 4 years ago revealed best-corrected visual acuity of 20/50-1 in the right eye and 20/25-1 in the left eye with spherical myopia OU (-4.75 OD and -5.75 OS). AO/HRR color plates were intact, but relatively mild dyschromatopsia was present in the right eye. Examination with Humphrey 24-2 SITA fast central threshold perimetry (Carl Zeiss Meditec; Dublin, CA) showed a central scotomatous defect without enlargement of the physiologic blind spot, and photostress showed slight prolongation of recovery. A questionable trace afferent pupillary defect OD was present, but was reversed by .3 log unit neutral density filter. The posterior poles appeared normal, and the discs were normal and symmetric. Blood work was normal, and MRI showed normal optic nerves and chiasm, with some nonspecific hyperintense brain foci on FLAIR attributed to the history of migraines.
The patient's symptoms relapsed and remitted for several years, and she reported that her visual acuity was slowly declining OD with an increasing central scotoma. The examination at presentation to our service revealed visual acuity of 20/150 eccentric OD and 20/20 OS, with similar myopic refraction. Amsler grid testing revealed paracentral scotoma. Microperimetry using the MP1 (Nidek Technologies; Padova, Italy) showed lower attenuation and a predominantly relative scotoma centrally OD and was normal OS (Fig. 1) , and Humphrey 24-2 visual field testing showed no peripheral field loss OU. The anterior segment was normal in both eyes. Ophthalmoscopy revealed a subtle vitreous separation without vitreous cells OD, and fundus examination revealed subtle macular alterations with a glistening and blunted reflex OD (Fig. 2a) . Examination was normal in the left eye (Fig. 2b) . Fluorescein angiography (FA) revealed subtle window defects in the parafoveal region of the right eye without leakage (Fig. 2c, d ).
Autofluorescence (AF) imaging, infrared (IR) imaging, and high definition spectral-domain optical coherence tomography (SD-OCT) were performed using confocal scanning laser ophthalmoscopy imaging (Heidelberg Spectralis HRA ? OCT version 1.7.0.0; Heidelberg Engineering, Heidelberg, Germany). AF imaging revealed subtle temporal hyperautofluorescence and parafoveal hypofluorescence changes OD (Fig. 3a) and was normal OS (Fig. 3b) . IR imaging corresponded to AF findings, showing further reflectance in the temporal and central macula OD (Fig. 3c ) and was normal OS (Fig. 3d) . SD-OCT showed mild disruptions of inner segment/outer segment (IS/OS) junctions in the subfoveal region OD with slight retinal thinning in OD (Fig. 3e ) and normal retinal thickness and structure in OS (Fig. 3f) . Visual evoked responses (VER) and multifocal electroretinogram (mfERG) were performed according to International Society for Electrophysiology of Vision (ISCEV) standards [4] and showed generalized decreased central amplitudes with preserved implicit times in OD versus OS, suggesting a central retinal etiology (Fig. 4) . MP1 ( Fig. 1 ), SD-OCT (Fig. 3e, f) , and mfERG (Fig. 4 ) findings were in topographical agreement. Full-field electrophysiology was performed using Espion 2 Electrophysiology System with DTL recording electrodes and Ganzfeld stimulation (Diagnosys; Lowell, MA) according to ISCEV standards [5] . Cone dysfunction, as indicated by a delay of more than 2 ms in 30-Hz flicker and 4-ms transient photopic ERGs, and rod dysfunction and as indicated by decrease in amplitude of scotopic and maximal response, were demonstrated in OD. Inner retinal function was preserved, as b-wave-to-a-wave ratio was normal OD. Photopic and scotopic responses were normal OS (Fig. 5) . Given the distant history of ocular herpes simplex, the patient was referred to a uveitis specialist and was (Fig. 6a, b) , and a subtle decrease in hyporeflectance was noted on IR (Fig. 6c,  d ). SD-OCT did not reveal significant new changes in either eye (Fig. 6e, f) . Full-field ERG of OD revealed further decreased amplitudes and additional 3-ms delay in transient photopic ERG, poor waveforms in 30-Hz flicker OD, and 63 % decrease in B-wave amplitude OD in rodspecific ERG as compared to the study performed 6 months prior (Fig. 7) . Photopic and scotopic responses were normal in OS (Fig. 7) .
The patient's subtle macular findings were unusual in the presence of unilateral declining vision, central scotoma on visual field testing, and ERG suggestive of progressive inflammatory retinal dysfunction as seen in AZOOR. Given the new onset of vitreous cellular infiltration, a pars plana vitrectomy was performed. Vitreous cytology smears showed a moderately cellular sample comprising predominantly of small lymphocytes, as well as a population of atypical appearing lymphocytes. These atypical cells, accounting for approximately 50 % of all cellular elements, were small-medium in size and showed irregular nuclear contours. Four color flow cytometric analysis of the sample, using a limited panel of monoclonal antibodies including CD19 and cytoplasmic kappa and lambda light chains, detected a population of kappa light chain-restricted B cells. Further analysis was not possible due to low cellularity of the sample. The clonal nature of this population was confirmed by PCR IgH gene rearrangement studies. Taken altogether, these findings support a diagnosis of B cell intraocular NHL. There was no evidence of CNS involvement on full-body radiographic imaging, including magnetic resonance imaging and positive emission tomography scan. As the disease was localized to the right eye, this patient was diagnosed with unilateral PIOL (Fig. 8) .
In the months following the vitrectomy, her vision improved to 20/150 OD and 20/20 OS. Presently, 18 months after her vitrectomy, the patient has been followed for ophthalmic oncology follow-up. While she continues to be monitored by ophthalmic examination and systemic imaging, she has not required treatment and has no detectable recurrence of lymphoma locally or systemically.
Discussion
We present a case of a progressive retinopathy initially characterized by predominantly macular symptoms and signs of disease. Ultimately, there was more extensive retinal involvement based on electrophysiologic features. The unilateral nature of the process and characteristics of disease were consistent with an inflammatory autoimmune retinopathy as seen in AZOOR. However, the development of vitreous cellular infiltration and other disease features led to vitrectomy and the ultimate diagnosis of PIOL. The patient's progressive loss of central vision characterized by a slowly increasing central scotoma with photopsia over many years led to neuro-ophthalmic investigation to rule out an optic neuropathy such as optic neuritis. Clinical evaluation, mfERG, and fullfield ERG suggested that the disease process was in the macula with extension into the peripheral retina, but there was no evidence of optic nerve involvement. Specifically, serial ERGs demonstrated worsening global retinal dysfunction in the photoreceptor layer in both cone and rod responses, suggestive of AZOOR [6] , cancer-associated retinopathy (CAR) [7] , and diffuse unilateral subacute neuroretinitis (DUSN) [8] .
While AZOOR has a wide spectrum of findings and lacks strict unifying diagnostic criteria, our case was slightly atypical for this condition given the long-term, progressive nature of disease, lack of peripapillary involvement on visual field testing and AF imaging, and quite subtle SD-OCT findings. Our case developed implicit time delays with global electrophysiologic photoreceptor dysfunction, while cases of AZOOR usually reveal implicit time delays only in 30 Hz flicker and inner retinal dysfunction [6] . However, the similarities between the clinical and electrophysiologic findings between our case and those of AZOOR led to a preliminary diagnosis of atypical AZOOR. Vitrectomy was performed because of the inflammatory features and atypical presentation of disease.
As she is no longer following with our service, the patient's serum could not be obtained for anti-retinal antibody testing, which, if positive, would have suggested an autoimmune retinopathy such as CAR. However, the unilateral nature of the patient's condition makes an autoimmune retinopathy unlikely, as one would expect bilateral findings on ERG in this disorder [9] . DUSN can also cause unilateral retinopathy with reduced rod response and extinguished cone responses [8] ; in our patient, some cone responses were present, and there was no evidence of a nematode. To our knowledge, ERG findings in PIOL have not been previously published. However, intraocular lymphoma secondary to PCNSL has been reported to show negative-type ERGs with the b-wave amplitudes being smaller than a-wave amplitudes [9] ; these findings were not present in our patient with PIOL.
The patient's subtle vitreous cell infiltration and minimal findings on imaging are slightly atypical for PIOL, as this condition is usually not diagnosed until there is a more prominent vitritis, multifocal subretinal pigment epithelial infiltrates, or a combination of the two [10] . Additionally, despite the appearance of symptoms 4 years prior to her diagnosis, the patient's disease remained localized to one eye to date. This is a slightly unusual course for PIOL, as 80 % of patients eventually develop bilateral ocular lymphoma and most develop disease in the brain, on average within a period of 29 months [11] . However, the range in time for developing CNS or contralateral disease can extend over 5 years, and in a recent Eastern Cooperative Oncology Group publication [3] , only 56 % developed CNS disease in the patients gathered over the 28-year accrual period of the study.
SD-OCT was remarkable for disruption, or ''feathering,'' of the IS/OS junctions, as well as overall decrease in retinal thickness in the affected eye only. The authors believe these characteristics may be due to lymphoma cells trafficking to the adjacent retinal pigment epithelium (RPE). B cell recruitment in PIOL is hypothesized to occur due to the action of lymphoid chemokines such as B-lymphocyte chemoattractant (BLC), CXCL13, stromal cell-derived factor-1 (SDF-1), and chemokine stromal-derived factor-1 (CXCL12), all of which may be expressed within the intraocular compartment in PIOL. In a study by Chan et al., malignant B cells from PIOL showed high expression of CXCR4 and CXCR5, which are ligands of CXCL13 and CXCL12. BLC and SDF-1, both of which are B cell homing chemokines, were found exclusively in the RPE of the PIOL eyes. The normal control eyes' RPE cells had no chemokine expression [12] . Similar phenotypic manifestations of our case and AZOOR may suggest that B-lymphocytes may have a role in the pathogenesis of AZOOR.
The unique presentation of lymphoma seen in this case could be explained by many causes. An infiltrative process consisting of B cell homing to the RPE could be consistent with ''feathering'' of the IS/OS junctions we noted in our patient. Antibodies produced by lymphocytes, either lymphoma cells, or indirectly involved cells elsewhere in the body, may be responsible for creating an autoimmune process, which may then limit the spread of our patient's lymphoma. However, in previous reports of paraneoplastic disorders affecting the eye, bilateral involvement of the eyes has been shown [13] .
This case illustrates that PIOL may present with minimal ocular findings and be associated with progressive degeneration of the retina of one eye. It also indicates that an autoimmune maculopathy evolving into a more generalized retinopathy, as seen in AZOOR, may mimic the presence of undiagnosed lymphoma. Clinicians and electrophysiologists should include occult PIOL in the differential diagnosis of visual loss due to unilateral retinal dysfunction.
